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priority under 35 U . S.C. 119(e) to U. S. Provisional
Patent Application Serial No. 60/673,859, filed Apr
22, 2005, which is herein incorporated by reference.
TECHNI CAL FI ELD Enbodi ments of the present invention
rel ate to aCOMPOSITE HYDROGENSTORAGEMATERIAL AND
Speci fically, enbodi t i.nvention
rgl ate to aycorrp %ﬁﬁ?&r%&ﬁﬁ@&mpen al for
occl udi ng and desor bi ng hydrogen. BACKGROUND
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powder particles continues to change, causing strain to continue to increase.

When using metal hydride powders, inefficient heat transfer can hamper the rate
and effectiveness of the hydriding/dehydriding cycle.

When using traditional metal hydride powders, safety and handling
issues arise as many materials are pyrophoric, or become pyrophoric once
contacted with hydrogen. In addition, powders may be biown into the hydrogen
stream, which requires complicating filtering and also introduces a pressure drop
into the fuel system.

The hydriding/dehydriding process imparts strain on the storage medium
causing it to expand during charging and contract during discharge. This strain,
which can be quite significant, is conventionally dealt with by designing a
hydride storage vessel with expansion room to accommodate the strain.

However, the unstable nature of the particle bed causes the packing of hydride
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Attorney Docket No. 2269.008USlmaterial, effectively
filling up the expansion room and causi ng significant
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di agram of a method of naking a conposite hydrogen
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example, but not by way of limitation, various embodiments discussed in the
20  present document.

FIG. 1 illustrates a block flow diagram of a method of making a
composite hydrogen storage material, according to some embodiments of the
invention.

FIG. 2 illustrates a block flow diagram of a method to occlude and

25  desorb hydrogen using a composite hydrogen storage material, according to
some embodiments of the invention.

FIG. 3 illustrates a graphical view of the pressure-composition-
temperature (PCT) profile of a hydriding/dehydriding cycle of an exemplary
metal hydride hydrogen storage material, that may be used in some embodiments

30  of'the invention.



of the invention.FIG 4 illustrates a perspective view
of a storage vessel utilizing a conposite hydrogen

W@ e@sag®odat erial in comruni cation with a devi BE[/CA2006/000588
according to sonme enbodi nents of the invention. FIG 5
illustrates a perspective view of a storage vessel
utilizing a conposite hydr ogeﬁ storage material,
according to sonme enbodi ments of the invention. FIG 6
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particles and at | east one port for conmunicating with
an external device. SUMMARY

20 Embodiments of the invention relate to a composite hydrogen storage
material comprising active material particles and a binder, wherein the binder
immobilizes the active material particles sufficient to maintain relative spatial
relationships between the active material particles. Further, embodiments relate to
a hydrogen storage system comprising a storage vessel, a composite hydrogen

25  storage material disposed in the storage vessel, wherein the composite hydrogen
storage material comprises active material particles and a binder, wherein the
binder immobilizes the active material particles sufficient to maintain relative
spatial relationships between the active material particles and at least one port for
communicating with an external device.

30 Embodiments of the invention relate to a method for making a composite
hydrogen storage material comprising forming a fine powder of active material

particles, mixing a binder with the fine powder to provide a mixture and heating the



Enbodi nents of the invention relate to a nmethod for
meki ng a conposite hydrogen storage nateri al
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particles, mxing a binder wwth the fine powder to
provide a m xture and heating them xture sufficient to
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sufrhixgire pufficigntrtaifertned epmpsisite hydeogep atorage matdraul,ivdresdin the

PR 46T T

5

C O NPl &aattwﬂﬁi?g@é_ﬁws&aha@@ivama@ddaaﬂmiélé@ B ddadents of the
conpri si ng occl udi ng hydrogen onto or within a

coripvation alsg slag i webpd gEusing apampositedysiregen stopge material,

e il SYAPAARE o SRR R Oh or GHRI4 ARG A Mfogen
i nmebdragd matsriglhehexreinitheecomgtosite laldrqpen stocdge snasarfaf coampmises

' ' | at | tial | at | hi. t th
o0k aleBp el i 3 PReE ety BIRG RouPOEn e ate
t hemgeiil aiticRs BYFHERBED nidihid 9€atiRlsphtiad tolatiohdiipsd Beveen the

i
O by

15

20

25

30

DESCRI PTI ON The fol |l owi ng detail ed description

i nActivemateapldragiries and desopunglevdsogea diprniie gemppsitg ydrogen
part of the detail ed description. The
now, by way of illustration, specific

enbodi nents in which the invention may be practiced.

These enbodi nent s, [ I referred to herein
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detailed description is, therefore, not to be taken in a limiting sense, and the
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scope of the present invention is defined by the appended claims and their
equivalents.

In this document, the terms ““a” or “an” are used to include one or more
than
one and the term “or” is used to refer to a nonexclusive or unless otherwise
indicated. In addition, it is to be understood that the phraseology or terminology
employed herein, and not otherwise defined, is for the purpose of description
only and not of limitation. Furthermore, all publications, patents, and patent
documents referred to in this document are incorporated by reference herein in

their entirety, as though individually incorporated by reference. In the event of

inconsistent usages between this document and those documents so incorporated



enpl oyed herein, and not otherw se defined, is for the
pur pose of description only and not of |imtation.
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norgaditieianBe oblénfs@?%@%bﬁ/&)rﬁﬂ&@ﬂoﬂ aféthl }Bﬂﬁhe BBtk vessels are

hydri de powders and retains simlar
absdvpnated/ Hbeenprassn hydrogemsioraeapaterial/is\mar thermaihe

us %oﬁﬁu&lv%m%ddtlt?oﬁygl &gﬁﬂimde powders and retains similar
absorption/desorption rate and capacity limits. The use of a composite hydrogen
storage material for hydrogen storage is safer than traditional metal hydride
powders as there is much less risk of storage vessel rupture due to powder
compaction. Further, the use of a composite hydrogen storage material for
hydrogen storage may allow for better compliance with national and

international regulatory laws and procedures regarding the transport of hydrogen

30 and hydrogen storage vessels.
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storage material for hydrogen storage is safer than
traditional netal hydride powders as there is nuch
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conpaction. Further, the use of a conposite hydrogen
storage material for hydrogen storage may allow for
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parent engt h nmeasured. As used herein, "occlude" or
" ocbbuid 2048 obthe parsot lengtbnticasakér s to absor bi ng or
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be absaibiigast aaf@Bingahl Yetfihing a substance. Hydrogen may be the
substance occluded, for example. A substance may be occluded chemically or
physically, such as by chemisorption or physisorption, for example.

As used herein, “desorb” or “desorbing” or “desorption” refers to the
removal of an absorbed or adsorbed substance. Hydrogen may be removed from
active material particles, for example. The hydrogen may be bound physically
or chemically, for example.

As used herein, “immobilize” refers to the holding of particles, such that
relative spatial relationships are maintained. For example, active material
particles may be immobilized, allowing them to move, but keeping the particles
substantially in the same geometric relationship to one another throughout

multiple hydriding/dehydriding cycles.



physi cal ly, such as by chem sorption or physisorption,
for exanple. As used herein, "desorb" or "desorbing"
we@eoosdemes ption” refers to the renoval of an abGDCh2®6/000588
or adsorbed substance. Hydrogen may be renoved from
active material particles, for, exanple. The hydrogen
may be bound phyS|caIIy or chgn1cally for exanple. As
used herein, "imobilize" refers to the hol ding of
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conpounds AB, AB2, A B, AB5 and BCC, respectively
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As used herein, “porosity” refers to the ratio of void space in a volume to
the total volume (1- volume density).
As used herein, “packing density” refers to the efficiency with which the
25  active material is packed. Packing density is the percentage of the total
composite volume that is taken up by the active material. For example, a
composite with a packing density of about 50% and a porosity of about 40%
would consist of about 50% active material, about 10% inactive material, such as
binders or additives, and about 40% void space by volume.
30 As used herein, “fine powder” refers to a powder comprising particles
with a small size. For example, the fine powder may substantially be comprised

of particles sized below about 100 microns. The fine powder may be



nano-structured carbons, m cro-ceram cs,
nano-ceram cs, boron nitride nanot ubes,
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thereof. As used herein, "porosity" refers to the
ratio of void space in a volune to the total volune
(1- volune density). As used Rer ei n, "packi ng density"
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thermoplastic binder is used, the binder may be readily melt-processable and
may have an elongation to break of at least about 20%, for example. The

25  amount of binder may be about 50% by weight or less of the mixture. The

binder may be flexible enough to withstand the charging/discharging
(hydriding/dehydriding) strain, while not melting or softening during the
elevated temperatures of the charging phase.

The mixture may be heated 106 to form a composite hydrogen storage

30  material. The composite hydrogen storage material produced may have a

porosity from about 0.1% to about 50%, for example. The composite hydrogen

storage material may have a porosity of about 5% to about 40% or from about
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geometric shape.

Optionally, the composite hydrogen storage material may be comprised
of additional ingredients, additives or structures that improve the thermal or
mechanical properties of the composite. Examples include graphite flakes,
carbon fibers, carbon nanofibers, carbon nanotubes, polymer fibers, thermal
conductive materials, a metal honeycomby/lattice, metal fibers, wire, metal
particles, glass fibers, and combinations thereof. Examples of thermally
conductive materials are aluminum foil, aluminum honeycomb, aluminum
powder, carbon fibers, carbon flakes and similar materials. Examples of

structural additives include carbon flakes, carbon nanotubes, fibers of fiberglass,



di scharging the active material particles wthout

causi ng the conposite to fracture. Structural strength
w@boosheloednposi t e hydrogen storage naterial al PONSAR106/000588

to be used as a | oad bearing nenber that can resist

the force exerted by the hydrqgen absorbing into the

nmetal hydride particles. Due {% this abili ty to resist

the force produced by particle strain, the conposite

hy chethgarfibers cargen nenadibers| anid sombingtions thereaf. nA lubsicant may be

structur it egli t nd remain as a solid durin

mul T etﬁ‘%éj%!)ecocfraasagglﬁwg‘ng‘ pd)é{é%}n%ﬁ tF% ROTEDQSE il.ygr?ﬁ‘én storhge
cormateridléndyychtiogelly bé @hyed darig mahufi@irels ofd REEkpasSe such
pell ets, discs, spheres, wafers, rectangul ar wafers or

anyAdgeioaakmaterigfa anthermallssoaductivesatertals and stugtaral additives

CONPPs| ydrogen storage material may be conpri sed
5of I@d%%‘lﬁgﬂal i ngredi ents, additives or structures

t hat i npkdditonally, arheisorblentoor abearban incasdriap caples ddded tofhe

th 0sjte. Ex I i ncl raphi te fl akes, .
carBBRoR i Eoeea STaSBH HaikBE Le e0ncE B ona TSt patsrial may
POl ME®H of bBRLS maté?ﬁ[srfﬁkilc (E(]? BetileRgraaleat bﬂh|§b m&y TR fre

honeyconb/l attice, neta i bers, wre, neta

parithethe siydudiagslehydsiging praerss.c Some axamplesmay schue activated

Ex S, of: d [ . erjals.care ,
10 Aot AT o SRR ARBURGRE  PiBiugsters

car bon fOftamally,cdirboecafdankasy basided o thelcompbsitd ldldsogen

Ex I f st tural additives_ include carbon ]
S T T A T R A N
f i RefrSeniGAHRdte ﬂﬁeﬂ%bglﬁfosanﬂﬁ 1%%%? 3’95%-H§gﬁ&8-flf26ﬁ

| ubricant may be an exanple of an additiVe. port
of oxAphasphgne<)-oxidayr?.éemydrof aye-1fahespaphenmathrene-10-oxide

BRI R R T
co r(aiufﬁo?nn% élﬂf@[dté): [FA@’MegSS?tiayLNﬁﬁgB@PﬁQ@ELO] }/&gn-f)i{i’t'yltin oxide
e. itiona ,.an adsorbent or absorben
Tt BT [CAS ResdntNmbe 48 RcolSnaiortyIti okge@OTO) [CAS
oo Ay Tl 0. 08163, SA0HRRThodRke BPRRLRRIN AIRLEE 195-9)
ih n dCég& lﬁeg/istQLNum_hdér_ Iroaf-3i3r] edibmyhirvditalnrdtdﬂéil-n-butr};g;n dilaurate
[ idin rocess 0 exanpl es
20;") Ablai B E B e O a2 35 oot Mom Reflasrsbany
t hanoh &gk |svlts] ShhSniuff pl%dmgi?é? Z8RIchRIrRle; arfdRtoh®3kibNs
a fire retardant may be added to the conposite
hy (g]pq;g@fnfor example.

The following are examples of composite hydrogen storage materials and

methods related thereto, according to some embodiments of the invention
25 Example 1:

5 grams LaNis powder with a particle size of about 1 micron or less is
mixed with 0.2 grams of Atofina’s 2851 kynarflex (Polyvinylidiene fluoride
derivative) grade thermoplastic powder with a particle size of about 0.1 micron
or less. The mixture is compression molded at about 100 MPa and 165°C in a

30 mold of the desired shape. The mold is then cooled to room temperature while
maintaining the 100 MPa of compression pressure. The resulting part released

from the mold is a porous solid composite with about 28% porosity, a mass of



storage material. Suitable specific fire retardants
i ncl ude, e.g., phosphoni um amoni um borate (i.e
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di acetate (NS-8) [CAS Registry Nunmber 1067-33-0];
di butylt| n dilaurate di-n-butyltin dilaurate (Stann
BL)ExampleRaqgi st ry Nunber 77-58-7]; ferrocene; iron
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graa;%hltlc flakes with a particle size of about 1 -

dhd with 0.2 grams of Atofina's 2851 kynarflex
(Pol yvi nylidiene fluoride derivative) grade

t hernmopl astic powder with a particle size of about 0.1
mi dixample 3t ess. The mixture is conpression nol ded at

20100 MPa Sa nd 1? ﬁls powader with a particle size of about 1 micron or less is
mixed with 0.2 grams of Polyparaphenylene terephthalamide (Kevlar) fibers
about 10 — 20 microns in diameter/ about 1-2 mm long and with 0.2 grams of
Atofina’s 2851 kynarflex (Polyvinylidiene fluoride derivative) grade
thermoplastic powder with a particle size of about 0.1 micron or less. The

25  mixture is compression molded at about 100 MPa and 165°C in a mold of the
desired shape. The mold is then cooled to room temperature while maintaining
the 100 MPa of compression pressure. The resulting part released from the mold
is a porous solid composite with about 28% porosity, a mass of 5.4 grams, a
specific gravity of about 4.9, and a LaNis packing factor of about 53%. The

30  addition of the Polyparaphenylene terephthalamide fibers increases the strength

of the composite material
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30

storing hydrogen 210. The hydrogen may be desorbed 212, which readies the
composite hydrogen storage material-vessel structure 206 for another cycle of
hydrogen absorption/desorption. The absorption/desorption of hydrogen may be
repeated numerous times, up to about 10,000, or up to about 100,000 for
example, depending on the hydride material used.

A composite hydrogen storage material 202 may be placed in a storage
vessel 204, such as a tank or container. As an example, the composite hydrogen
storage material 202 may be utilized in a cellular fuel tank such as discussed in
Zimmermann, U.S. Provisional Patent Application Serial No. 60/757,782
(Attorney Docket No. 2269.004PRV), entitled “CELLULAR RESERVOIR
AND METHODS RELATED THERETO,” filed January 9,2006, the disclosure

of which is incorporated herein by reference in its entirety.
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W th about 28% porosity, a mass of 5.4 grans, a

wa@pmweilfioes gravity of about 4.8, and a LaN 5 paP&i/0g2006/000588

5

factor of about 52% The activated carbon serves to
adsorb harnful conpounds that may otherw se

contam nate the netal hydri de'Yuri ng chargi ng.
Referring to FIG 2, a block flow di agram of a met hod

200 to austeofatstrdetvent bréngth ingehd ferm thescoomopidshydrogen

hy r rial s shown,  accarding to.spne

oo EECmaleRB A, RS Hieual RS0 B BRI p B AREe
st droddjag tattediaden 3fd2agemartivtesith adB€d rélattvesspatif g€l ati@ BB
204 _to create a conposite hydrogen stora

mat Bierefprey Bedapctionof sesiptias 2}@6‘.“3!%/1@%‘9?@&3’%‘% chygging of
0C g ydelifin 298 A8 fﬂ?ﬂté}f al Ygi fultiRd %nﬁl%gp%éﬂgte %01?%59&@913&&0 en

storage material -vessel structur sutticie
pr ctirage macuah dsiatresulty treogesel ftrctozigg thelh yeirogen-2160 sised be

strycture, starin drogen 210..The hydrogen may be
des‘%ﬁ‘@gg??lrf,swmg%R‘%rgé‘%afeé%lr‘f REthe Bmﬁgi te hydrogen
st or age Rett@inigab FYGSE Qlgraghidas Hidpay 0fhelaBEorBiAGIdRSIrbing

cycl e of hydrogen absorption/desorption. The
absbaractesisfescd 6n sremplans hydyeges gtarageapatpaal veihim e stprage vessel

107007 0B or 1S5 et € BRI el O8 the R AuBREbh: |

us eempératerRET o file df @ hydriding/dalgeiriditeatyickl of AGRetatEyy dbide

l gced in st orage .vessel 204, . such as a. tank or i
cortaresh .S%A%geamatg%lnﬂc as pRgWa ﬁﬂfs‘ﬁ Bedisd, Hy 9gsFmbodiments
st JfaReinvBitRm al 202 nay be utilized in a cellular
fuel tank such as discussed in Zi mrermann, U.S.

Provi si dkefbrringtte FIG Abplpetsasstiye vEer pha sthage §OvsFIoRiliz8z a

S R AR R S R 1 SO

9, 2B6%n, ddeerditigstol sosierembotlinvdiitscht ths investivnp htsedagrevegiol

by reference in its entjrety.Because of its structural

st r‘@ﬁgpﬁlmﬁess%ﬁ eyl 49%%81?%56@&%8%&5@%@@%@5@&0@
MRl BHipdtt 44%n SHicHES chiffitate \ifﬁﬂ‘ %Lé)ggmglf deHR40P9 The
hydrogen and al so of holding the hydrogen storage
paraptioh@pressurs réliefdunatiohality #66 spaibeal presstuatreliafsichanism,
Therefore. .the func n, of the strai

20/ PREA R Syatbfid DHAE s SiviiShlsiketen Pivkh diskr 7

25

I s diaghiradnh, @5t agRhi fe@luye, MhidhhBaE BR@SErdl €0 RYAKOURB port 404 may
storage material. As a result, the vessel for storing
t hg)emplgbl@,pogiﬁ)rﬁéggplge The external device may be a fuel cell system, a

hydrogen source, a heat pump, a hydrogen compressor, or air conditioning
system, for example. External device 402 may also be a gas management
device, such as a regulator, check valve, on/off valve or other interconnection,
for example. Alternatively, a portion of one of the exterior walls 408 may
comprise a fuel cell layer, fuel cell system, a hydrogen source, a heat pump or a
hydrogen compressor, for example.

When used in conjunction with a fuel cell, it is possible to create a

30  compact system for powering portable electronic devices. Some examples of

portable electronics for use with the fuel cell include, but are not limited to,

cellular phones, satellite phones, laptop computers, computer accessories,
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exenpl ary hydrogen storage material within a storage
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¢ OnYlg\thnl e(ljcrclzgrldll t%ssgglevg tblz)dltr)lfijletnttseotl tﬁe invention. The storage vessel
600 comprises an interior wall 606 and exterior wall 602. A composite
hydrogen storage material 604 may be disposed within the interior wall 606,

25 creating a space 608 between the composite hydrogen storage material 604 and
interior wall 606. The composite hydrogen storage material 604 may be in the
form of matrix which may utilize a melt processible polymer, for example
polyvinylidene fluoride, polyethylene or polypropylene, as the binder. The
matrix may partially or entirely fill the interior space of the storage vessel 600.

30 The composite hydrogen storage material 604 may be optionally adhered

to at least a portion of at least one of the interior walls 606 of the storage vessel

600. The composite hydrogen storage material 604 may be adhered using a melt
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opt TERATAR s VR eI Fhe PR nRG g lesViinieR

St OTtagfordgs $@kel 70acbingt bedlahntehewilhRo6/afis&kerios wallrn2. A
small, or Hgé been designed with an integral feature .
t 0 JOFINOShhyogEn YopsRMAEHELHAINYY hedispqsed pg mafrix within the

10 NtgfeRBE whll 883 WuBstart}8lyRfitg Y totR% \Q?ﬁeyﬁ(ﬁg to
th any nunber- of a

comuni cate w extern devi ces (not

shown i rRéferingdd FIRS, ararossggectionl Gew Of a atorage vessel 800
cr - sect | | . Vi of st orage vessel O 4tilizing
o SRR Bt o Fogk RaRE S iepbtdin Bf

| Ntredtriawittbh thel storagovdisel acshonvil] @otdinSONBmMRBMBUIRH Sof the
of the invention. The storage vessel 600 conprises an

i ntigysagionyd e storrgeysepeb{i%bsamenrisgman ingator wall 8 f3nd pxterior
A , . : oSH

S SRR, P ARF TRt B TRt SRRl AP
t heplemhpyoddilayerhyihimgbeingdror agd 3081 acatalg HoeksS00. Between

interjor 606. Th onposi te hydro stora

i Brh el g tehyGRER Spines sty P LR Haged an
ut i dptioBalacof@hdtive hitieses BOS . EDRGH Y IHR manh flct®X 81k Romposite
pol yvi nyl i dene fluoride, polyethylene or

pol iydragsy istonege maferitl SOAi prrdens ofiike simchirg max pe pemeved|iny
or ' il - ' pace of the storage
2Ov esogg%lj té %%?i{"s%ﬁél "E‘%Jr?glgé Heg{dﬁg g?gcsig en storage nateri al
604 nay Hhe epphplenabtbsagadbsele8iOtmayebe filkaiswiticapdsite hydiogen

3 te %%?get mgtr«]:relalogmt sl?)ethzlitr;tco?arlgleovresse sI éOSO o%%?ffgr{ngt sliqzees %a?/rb% %ilt
up from the same basic element. This would allow for the placement of
composite hydrogen storage material 804 with other materials inside the storage

25  vessel 800, i.e. placing heat conducting members around the composite hydrogen
storage material 804, as shown. Some of the material may then be removed to
expose parts of the composite 804 that have particular characteristics, such as
exposing heat conducting members 808 embedded within the material.

Referring to FIG. 9, a perspective view of a composite hydrogen storage

30  material structure 900 is shown, according to some embodiments of the

invention. A composite hydrogen storage material structure 900 can be formed

in such shapes as a rectangular wafer 902, for example. The cross-sectional cut



600. The conposite hydrogen storage material 604 nmay
be adhered using a neltprocessible polyner, for
wez@aplwos Al ternatively, adhering may be perf oPr@EGARNY6/000588

gl uing the conposite hydrogen storage material 604 to
at | east a portion of at Ieast one of the interior
wal | s 606. An exanpl e of glue 1§ hat may be utilized is
an epoxy adhesive or a silicone adhesive, for exanple.
Refat pliystrates theligeragtiom ot adbiys maétmall 80rhisush e wetabhydride, and
st SS 700 utilizin ro

i R8s oUg ﬁ:’lch h fr1ay ¢ c¥eate oJfe.qr ore %';gﬁiarl gﬁzﬁ?g g Y(ﬁgsn%q

toraerm’ter I‘IX SU

St aspags 906 sHew fbrshﬁh@gm diffeged sidow chrewgtithe aktbai nmeﬁa
of the |nvenL The storaqe vessel 700 conprises an
Yy

i ntYFh 8% Mgkl Parirlessodhatdydipgen 1sable to Aeachihroisterior of
5hy%Qmeatceﬁ@est&ﬁld%gea'std&% n%é(mﬁe di sposed as a
matrix wthin the i'rnterior wall 702, substantially
filling Whie theqresget mestmn h‘ﬁ@beenl:{aftemﬂarhgshbwnﬁhadewibad

crao C al Y stora 800 ut|I i

o BTSSR st SpoRug AP 67 Rau Lo yed By e
of dfaydinsryi slhllamrtﬁé firit Xhatwarivus chitizes bitd moeificassi8lmdyshe made
shown, accordlng to sone enbodi nents of the invention,

TheVihasit Qs&am@& am thoepidbaRsscarsotdhe inyertiqno lt isdntenderghat
102NdpE a n\‘.@#e%e%qg co&r‘f Qc%steﬁ eF{f) P tﬁ sg ﬁgn%atlves

mat eri a ca di'sp os as a

wi twhich hhws: beeh elrscmsedvalbdve&ﬁa ,all (eqmaallemtg tlmpao es 8 06

Bet ween .gach, | ayer of ite ora
mat eri al bstragiis Qéovbéeg 80%? ‘[ﬂ? Bﬂédfr ggﬁﬁ@% %OW the
merdggder &Qéulcla‘yrabé&tahhﬁe EOE ﬁﬁtg#s"t of ffe téé]ﬁufépﬂ'iﬁélﬁédr@ The

hydr ogen storage material 804, portions of th
st rilstirts sumied mathdbhe anci%st@ndarw thaigit gslh a@@ealsed to interpret

co FEF$ r | e, a storage vesse

15 ggggﬁ&g% (ﬁgn ﬁﬁ conpos e hydrogen storage
naterlal 804 so that storage vessels 800 of differing
sizes maybe built up fromthe sane basic elenent. This
woul d al l ow for the placenent of conposite hydrogen
storage material 804 with other materials inside the
storage vessel 800, i.e. placing heat conducting
menbers around the conposite hydrogen storage nateri al
804, as shown. Sone of the material may then be
renoved to expose parts of the conposite 804 that have
particul ar characteristics, such as exposi ng heat
conducting nmenbers 808 enbedded within the material.



Referring to FIG 9, a perspective view of a conposite
hydr ogen storage material structure 900 is shown,
wa@ewoendiony to sone enbodi nents of the inventi oPCT/BA2006/000588

conposite hydrogen storage material structure 900 can
be formed in such shapes as a rectangul ar wafer 902,
for exanple. The cross-secti@h&IM8utout illustrates
the interaction of active material 904, such as a
nmetal hydride, and binder 908, which may create one or
mor Whatis elagihed isal spaces or voids 906. The spaces 906
al l ow for hydrogen diffusion and fl ow through the
active material, such as netal hydride particles so

t hat, hydx @e@podif h iN&ohpligihhor of the

for med con‘pogi te 2%8?%%%%15%?%?%%%%@%%% . Wiile the
present i nverachypmitesialnaeticlgsaand cul arly shown and
described with reference to preferred enbodi ments, it

will be readily appreciated by those of ordinary skill

S5in the art t haliersiatticthitdet Hamgkitizanke 4660 fiaterbl pRscl SRV fficient
be made w thout departing fromthe spirit and scope of
the i nveffiaypam relate SP?‘Hag Frdattonshipy betwieen theactive material particles.
interpreted to cover the disclosed enbodi nent, those
alternatives which have been di scussed above and all
eqW-val ebfesompesitethydrophe stotage matsrial of orim\i, wbereinahe active

I ] . F R 1. t.o.all t he. t
ot okl y Mot baicles Be capebfit cPogk Bl b sOite Widiesp oo
10di scl osure. The Abstract is submtted with the

un(rlljiierst %@di ng that it will not be used to interpret or
linit t hdeseBpesitsrhydeogan stgrage mateaialafsiaim 1Cwhemm thwadtive
is clai S ks ' r . .
e e
bi nder ; oatnbimation thereobi nder i nmobi | i zes the active
material particles sufficient to naintain relative
spatial rel ationships between the active nmateri al

15pard i cl ehe ca%,am }ﬁ@ibﬁﬁétbﬁgé%ﬁ{eﬁgledfcﬁﬁrﬁ NagRerBRMRS ddilve

of claiml1l, wherein the active material particles are
capabl e materéd paitigleneoraprisesiemstabhydyiday dr ogen. 3. The
conposite hydrogen storage nmaterial of claima1l,
wherein the active material particles occlude hydrogen
by SphysiBercpmpodite hythgersaomagé atefial of claim 1 wherein the active

material particles comprise type AB, AB,, A;B, ABs, BCC metal hydrides or

20 combinations thereof,

6. The composite hydrogen storage material of claim 1, wherein the active
material particles comprises LaNis, FeTi, or MmNis, wherein Mm refers to a
mixture of lanthanides.

25
7. The composite hydrogen storage material of claim 1, wherein the active

material particles comprise silicas, aluminas, zeolites, graphite, activated

Attorney Docket No. 2269.008US1



conbi nation thereof. 4. The conposite hydrogen storage

material of claim1l, wherein the active materi al
w@a0obiicloes conprises a netal hydride. 5. The cPOpOaR106/000588

hydrogen storage material of claim1l wherein the

active material particles conprise type AB, AB2, A B,

AB5, BCC npetal hydrides, or conldi nati ons thereof. 6. )
The comS89PRS NARAFBKRICdGBIR e mat er PUFFOWEraEYISS Rnp-ceramics,
wher ei N phR itk ¥enoiBe pafddiRAlcbhtain RAERIE Srednibaltions
FeTi, or MM 5, wherein Mnrefers to a m xture of
| ant hanitltkeepf. 7. The conposite hydrogen storage
material of claiml1l, wherein the active materi al
particles conprise silicas, alum nas, zeolites,

5gr &phi t &he@6inbysifedddbénstaraye HarkatofMAim 1, wherein the binder is
2269. 008USlcar bons, nano-structured carbons,
ni cr o- cdrEmPRIstiCchano- cer ami ¢cs, boron nitride
nanot ubes, pal |l adi um containing materials or
conbi nations thereof. 8. The conposite hydrogen
st & age Tmetcempaditedfydimlgen storhge mbteriali of ctaire 8pwhetein thesthermoplastic
t hernopl astic. 9. e C osite hydrogen storage
mat eri al® @ISE]FWF%,EOW@%PHP Pﬁ@lgﬂﬁ‘@? i%oéi"?ﬂ&}gfﬂender

101 s sel eqbBRidyliddeRrids ReRafRibrapRIpyRIE RiyBd&e fluoride copolymer,
pol yet hyl ene, pol yvinylidene fluoride,
hexaf | usrespioksd wpelyyiersand gembingtiensithateofc opol yner
cross-1linked copol yners and conbi nati ons thereof. 10.
The conposite hydrogen storage material of claiml,
f urtbher Therpmpssiedydgerostorape matedlal dficlaga 1, fiitheridoenprising one or
conposite hy&(g.o\gen storage material of claim1,
furt her RYRPIFEYSg a thernal |y conductive additi ve.

1512. The conposite hydrogen storage material of claim
11, wherein the thermally conductive additive o
corpr i sddegpuppsiighydipeerpstprage miaterialot clpim g hfurtherf qopwrising a
or a COQR&?Sﬁ#8ﬁth%f%ﬁﬁﬁw 3. The conposite hydrogen

maters al or- clarm I

st or age , further conprising an

12. The composite hydrogen storage material of claim 11, wherein the thermally

20 conductive additive comprises aluminum, graphite flakes, graphite fibers, or a
combination thereof.
13.  The composite hydrogen storage material of claim 1, further comprising an
adsorbent additive.
25

14.  The composite hydrogen storage material of claim 13, wherein the adsorbent
additive is capable of adsorbing materials that can interfere with the hydrogen

storing function of the active material particles.

30 15. The composite hydrogen storage material of claim 13, wherein the adsorbent

comprises activated carbon.



adsorbent additive. 14. The conposite hydrogen storage
material of claim 13, wherein the adsorbent additive

w0 soocap@d e of adsorbing materials that can i nPEr/Carm6/000588

with the hydrogen storing function of the active
material particles. 15. The conﬁosite hydr ogen st orage
material of claim 13, wherein the adsor bent conpri ses
activated carbon. 16. The conposite hydrogen storage

mat gy, i al TRY cobd kit Hydrdgeh kideige SRRMal St Mma , RlrdELdth sing a
addi tive. 17. The conposite hydrogen storage mat eri al

of cl ai rtrugturahiaédibyqr the structural additive is
selected fromthe group of carbon flakes, carbon

nanot ubes, fibers of fiberglass, carbon fibers, carbon

Snanidt i beTte canposicriyidraen somgt harkeiaf of cldim [6wh&emRRSithRtural

hydr ogen storage material of claim 1, further
conpri si aﬁlamé’e fﬁgsFlfc?eg %QF‘H fgroup g?c%@ {laksep s3ibea nanotubes, fibers
hydr Oge!’bfgﬁ‘b@f%lﬂﬁ cHEbOR fibérs, @fbohndhdBbbrs dnlchdiations thereof,
conprising a lubricant. 20. A conposite hydrogen
storage material conprising: active materi al

and one or

harei n e SpPRaHRRRR rPr e Sacel . hihetcomprisinga v

10parti cl estaajadt. one or nore additives sufficient to

mai ntain relative spatial relationships between the
active material particles and one or nore additives.

21.19A COMRQBIpSsiMIHRGEN st i il ﬁ&'ﬂg' Maleh
active mat er%nglgmparti I e%;gltag%gﬂ%ng@nfg{ea!r@l er e{ér?%#pﬁlgmga
conposi tlebripaalr ogen st orage material conprises a

porosity from about 0.1%to about 50% and wherein the
active material particles conprise a packing density

15t hao. i s Mtorhpeaat hpltokn skRibcThatbia c6APRGSL:t € hydrogen

storage material . i i
active material particles;

a binder; and
one or more additives;

wherein the binder immobilizes the active material particles and one or

20 more additives sufficient to maintain relative spatial relationships between the

25

30

active material particles and one or more additives.

21. A composite hydrogen storage material comprising:
active material particles; and
a binder;
wherein the composite hydrogen storage material comprises a porosity
from about 0.1% to about 50%, and wherein the active material particles
comprise a packing density that is at least about 40% of the composite

hydrogen storage material.

22. A hydrogen storage system comprising:



22. A hydrogen storage system conprising: (A) a storage

vessel :

(B) a conposite hydrogen storage nateri al

waele®poswos i n t he storage vessel, wherein the cPOPOaR10e/000588
hydrogen storage material conprises: active materi al
particles; and a binder; wherein the binder
i mobi i zes t&s active rraterl alzopartl cles sufficient

to mintainr

at i ¥¥OREHYSSEEL r el ati onshi ps between t he

active materi (ﬁ Pay EdrsdRRe hﬁﬂé’geﬁgfor%% R %gﬂ&%ﬁ fe}{the storage

f or communi ca

ng wth an extern evi ce.

hydr ogen storage syessebwhefein thaicompasitewblydrogemstodage material

ext er nal
sour ce,

device is ?nfléet cell system a hydrogen
a heat punP™X*fydr ogen conpressor, a valve or

5a pressure regul ator. %nvé\na@hmqﬁnfcqgs mkr ng a
conposi te hydrogen storage materi al conprising: (A
formng a fine powder A bideri ve materi al particl es;

(B) mxing a binder w t\phérﬂﬁﬂ{éﬂ?ﬁdepﬂmgﬁlll %&tﬂéaﬁ:\flb thaftrial

m xt ure;

and (C) heating the m xture, sufficrent

forma conposite hydr oqmmcs]ﬂscsuﬁ'gne:nnmmmntaimem@amal
the binder imuobilizes t@f a%’i 4 mat eri al parti
ASMPE

sufficient to maintain?’

Stﬁ’gf"? aptiyepat lp?%igles and

10bet ween the @i Veat MaktEnk Pbrt B coheh@oatindwit B8 eXtBinilvice.
of claim24, further conprising after heating the

m xture,

appl yi ng pressure to the conposite hydrogen

st ojzage f@@@f@m 50 Fe I f rﬁﬁg'&ﬁ W%ule@ %gé(te&glr&ebl%e is a fuel

conpri si ng

ure,

vi brat i melltsgastmh,ea lgyelngxes |sd)mfcd‘; yheagpampsi hydawnrmtn@rdsair avalve

27. The ne
the grim |a|PéeSS'r‘ﬁe{‘?$f

of ¢ ?|m24 further conprising after
%n additive with the binder and

15sthe fine powder.28. A nethod of using a conposite
hydrogen stora%e material, the method conprising: (A)

ocHudi Yy

20

25.
25

26.
30 27.

mefhaddeemaling a cerrpasite hydrogenctrpgsshateridl pemprsng:
(A) forming a fine powder of active material particles;
(B)  mixing a binder with the fine powder to provide a mixture; and
(C)  heating the mixture, sufficient to form a composite hydrogen
storage material, wherein the binder immobilizes the active
material particles sufficient to maintain relative spatial

relationships between the active material particles.

The method of claim 24, further comprising after heating the mixture, applying

pressure to the composite hydrogen storage material.

The method of claim 24, further comprising after heating the mixture, applying

vibration to the composite hydrogen storage material.

The method of claim 24, further comprising after the grinding, mixing an
additive with the binder and the fine powder.



storage material, wherein the conposite hydrogen
storage material conprises: active material particles;
wanwealtodhder; wherein the binder inmobilizes PEECA2006/000588
active material particles sufficient to maintain
rel ative spatial relationships Eetvveen the active
material particles; and (B) dedor bi ng hydrogen from
t he conposite hydrogen storage material. 29. The _
nMetd80d oA nedtiRidBfAing b ebinpesite BOAREEStAgShhRfialdfe aidtidad
hydr ogen, occl udi ng hydrogen onto or within a
conposi t¥M§H8gen storage material a second tine. 30.
The nmet hod of, gl ai T b
occl udi ng hyd&Aggenépgﬁtg ggg&aﬂoﬁﬁ?@?g}o {(;:Vgﬁ%%%o ﬁ%gﬁ{?&ry grgogﬁn
5storage material asteregenatetialwherciasior doinpgsike/ididegen storage
fromthe conposite hydrogen .storage material a second
time. 31. The net HBﬁt\é%?lcgﬁnBPﬁsso, further conprising
after desorbing hydrogefti{¢ metigafRIROFdt € hydrogen
storage material a second tinme, occludi ng hydrogen and
desor bi ng hydrogen t hr eé&bibderyore tines, up to about
100,000 times 32. The JrLOAchAfndt AEbS e SO nblifia
active material particles Substantially maintaln
10spatial rel ationships hettiskssufficientwtmaitaitetiativedpatial
Dot ogonup 1 " Sbour 8eHobs RSP TS mSER] e

(B)  desorbing hydrogen from the composite hydrogen storage

material.

15 29 The method of claim 28, further comprising after desorbing hydrogen,
occluding hydrogen onto or within a composite hydrogen storage material a

second time.

30. The method of claim 29, further comprising after occluding hydrogen onto or
20 within a composite hydrogen storage material a second time, desorbing

hydrogen from the composite hydrogen storage material a second time.

31.  The method of claim 30, further comprising after desorbing hydrogen from the
composite hydrogen storage material a second time, occluding hydrogen and

25 desorbing hydrogen three or more times, up to about 100,000 times.

32. The method of claim 31, wherein the active material particles substantially
maintain spatial relationships between the active material particles during the

occluding hydrogen and desorbing hydrogen up to about 100,000 times.
30



